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N A T I ON A 1; A D V I S OB Y C 0 M EUI I T T 3: 2 F OB A E R OB ii TJ T 1 C S 

The r e s u l t s  zrc? pr.e;ented- o f  a s e r i e s  o f  f l i g h t  t e s t s  
o f  t h e  p e w f o r m m c e  J i l d .  c o o l i n g  c h c r a c t e r i u t i c s  in h i g h - s 2 e e d  
Level. f 1 i - l -  ,t  id i n  c l i m b  o f  t h e  X ? - 4 2  airplsiic? e q u i p p e d  
w i t h  ;it short-no::e l o r r - i n l e t - v e l o c i t y  cow1i;ig a n d  ziiz a x i a l -  
f l o v  f a n  mountec? o n  t h e  s p i n n e r ,  'Phi:2, cov l . i i i [ r  i;: o n a  o f  8 
s e r i e s  $ s i n g  t e s t e d  i n  a n  e f f o r t  t o  i.Iyprov,: tils p s r f o r m a n c e  
a n d  c o o l i r i g  c h s r a c  t o r i s t i c s  o f  a i r - c o o l e d  el;gii.ie i n s t a l l a -  
t i o n s .  

T h e  r e s c l l t s  o f  t h e  t o s t s  i i i d i c a t c d  ad maximum s p e e d  o f  
3 3 0  m i l e s  p e r  hour  a t  e 9 0  horsepower at 16,060 f e e t ,  v h i c h  
i s  above  the en;;in,: c r i t i c a l  altitude. 
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m a g n i t u d e  b r i n g s  base temperatures b e l o w  Army l i m i t s  in 
e l 1  c o n d i t i o n s .  

The MACA i s  c3nr?-uct ing a n  e x t e n s i v e  s e r i e s  o f  f l i g h t  
t e s t s ,  a,s o u t l i r i e d  i n  r e f e r e n c e s  1 and 2 , . i n  a n  a t t e m p t  t o  
improve  t h . e  c h : ~ r a c t e r i s t i c s  of r a d i a l .  a i r - c o o l e d  engiixe 
i n s t a l l a t  i o n s .  

I n  o r d e r  t o  d i f f e r e n t i a t e  readily between t h e  v a r i o u s  
i n s t a l l a t l o n s  t e s t e c t ,  t e s t  num3err; ha,ve b e e n  a s s i g l r e d  t o  
e a c h  a i r p l a n e  c o n d i t i o n .  They a r e  txs f o l l o i n r s :  

T e s t  Typz  o f  a o w l l i l g  ani1 f l i g h t ;  c o n d i t i o n  

1 Long- nose  h i e h - i n l e t - v c l o c i t $  c0:nrlillg w i t h  smal l  
c o w l  f l a p s ;  h i g h  s p c e d  

2 Long- n 0 s 2 11 i gh.- i n  1 e t - ve 1 o c i t  y c c) w 1 i n  g tq  i t h mod i- 
f i e d  cow:! fla;3s; c l i n b  

3 Sh o r t -n o s e h i gh- i 11 1 e t -v f: 1 o c i t y c ow 1 i ng 181 i t h s m a l  1 
cowl  f l a p s ;  h i g h  s p e e d  

4 S h o  r t -n o B e 1 ow- i z! 1 d t - vc  1 oc i t :;r c ow .I. i n  g w i  t h f a n  , 
c u f f s ,  and. small. coivl  f l a p s  ; h i g h  s p e e d  

5 Sho r .1; -no s i t  1 ow- i n  l c  t - v ~ !  1 o c i t 2 c o i ~  1 i ng MI i t h f ztn , 
c u f f s ,  rmd m o d i f i e d  c o x l  f l a p s ;  c l i m b  

6 S h o r t  -32 o s 2 1 ow- i n  1 i? t --ve 1 o c i t  9 c o w  1 i n g  w i t h f a n ,  
c u f f s ,  and m o d i f i e 3  c o v l  f la2s ; h i g h  s p e e d  

7 A s  i n  t e s t  6 ,  'out w i t h  baffle s e a l  s t r i p s  at 
b a s e  o f  c y f i n d c r s  r n n o v e d ;  h i g h  s p a e d  

The r e s u l t s  o f  t e s t s  1. and 2 a r e  d e s c r i b a d  i n  r e f e r e n c e  
I, a n d  t h o s e  o f  t e s t  3 i;J. r e f s r e n c c ,  2 ,  The p r e s e n t  p a p e r  
c o v e r s  t h o  r e s u l t s  o f  t e s t s  4 t o  7 ,  

The d e s i g n  o f  t h e  c o w l i n q  a n d  a n g i n c  i n s t a l l a t i o n  was 
a p r o j c c k  of t h e  A i r - C o o l e d .  X n g i n ~ - l n s t a l l a t i o n  Group s ta-  
t i o n e d  a t  t h e  L a b o r a t o r y ,  Tha mornbers  o f  t h i s  g r o u p  z s r ; o c i -  
a t o d  w i t h  t h i s  p r i l j c c t  i n c l u d o d  Mr, Howard S. D i t s c h ,  O f  t h e  
C u r t i s s- W r i g h t  C o r p o r a t i o n ;  Nr. Peter T o r r a c o ,  o f  t h e  R e p u b l i c  

1 
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A v i a t i o n  C o r p o r a t i o n ;  Hr. Wiilianl S I  X i c l i a r d s ,  o f  t h e  W r i g h t  
A:?ron:tutical C o r p o r a t i o n ;  a n d  Pilr. J ~ m o s  B. Thompson, of P r a t t  
& Whi tney  A i r c r a f t ,  The A r m y  A i r  F o r c e s ,  M 2 - t e r i e l  Co~rnr?nd, 
s p o n s o r e d  t h e  i n v e s t i g a t i o n  and s u p p l i e d  t h o  XP-42 a i r p l a i E .  
Tlis C u r t i s s- W r i g h t  C o r p o r a t i o n ,  A i r p l a n e  D i v i s i o n ,  ha i ld l cd  
t h e  c o n s t r u c t i o n  a s  w e l l  as t h e  s t r u c t u r a l  a n d  d e t a i l  d - e s iga  
o f  t h e  cowl i r ig  a n d  sup-g l ied  p s r s o n a e l  t o  a s s i s t  i n  t h e  s e r-  
v i c i n g  and  m a i n t e n a n c e  o f  t h e  airp1a.n.e a n d  c o w l i n g  d u r i n g  
t h e  t e s t s .  P r a t t  & Whi taey  A i r c r a f t  p r e p a r e d  t h e  e n g i i i e  a n d  
t o r q u e  m e t e r  f o r  t h e  t e s t s  and a s s i s t e d  i n .  t h e  o p e r a t i o i i  a i d  
s e r v i c i i z g  o f  t h e  eng i i i e .  The p r o p e l l e r ,  c t l f f s ,  and s p i n n e r  
w s r e  s u p p l i e d  by t h e  C u r t i s s - W r i g h t  C o r p o r a t i o n ,  P r o p e l l e r  
D i v i s i or1 , 

T h i s  p a p e r  was  c r i g i n a l l y  i s s u e d  (March 2 8 ,  1942)  a s  a 
mGmorand .us  r e p a r t  f o r  th.& Army, 

Th,? Xp-42 a i r p l , z i z z  u s z d  -i.n t h o  t e s t s  i s  d c s c r i b c d  i n  
r e f e r e n c e s  1 a n d  2 ,  Figure I i s  a d imens ioned .  CLra-wing o f  
t h r: F; 110 1- t - ii o s e 1 ow- i il I i? t - ~r t? 1 o c i t y c ow 1 i il 
t i o n .  Tho o u t o r  covf l ing  i s  t h e  sariil.:! a s  t h a t  or" t h e  shor ' t-  
n o  s i: high- i n  1 <J t -v  t3 1 o c i t  y i n s  t 8.1 la t i on. ; b u t  t hc  i n n  e r s e c t i on 
has  b e e n  moil i f iad-  b y  ' the  u s e  o f  a smaller s p i n n e r ,  t h e  f a n ,  
nnJ- n s t r a i g h t e r  d i f f i i s z r  s e c t i o n  o f  g r n , d t e r  i i r l a t  a r e a  de- 
s i ~ i i c d  f o r  an  Z n l d t - v c l o c i t y  r a t i o  of  0.3. F i g u r e s  2 t o  5 
a r c  p h o t a g r n p h s  o f  t h ~  cotlrlirig as  i n s t a l l e d  o n  t h o  a i r p l a n e .  

a11 d f a.n i ii s t a. 1 1 a- 

7 The Pan had 50 b l a d e s ,  e a c h  2; i n c h e s  l o n g ,  3$ i n c h e s  
3 r o o t  c h o r d ,  and. 1; i n c h e s  t i p  c h o r d  a n d  s e t  a t  a n  a n g l e  o f  

ap i2 rox ima te ly  4 6 0  t o  t .he  p l a n e  o f  r o t a t i o n .  The d i a m e t e r  
o f  t h e  s p i n n e r  a t  t h e  fan-h l ,zc le  r o o t  was 28 i n c h e s  and -the 
gap be tween t h e  t i p  and.  ov - t e r  s u r f a c e  o f  t h e  diffussr was 
5 / 1 6  i n c h .  Tha r e s u . l t s  o f  wind.-tu!iael  t e s t s  0 2  a s imi la r  
f a n  are g i v e n  i n  r a f e r e n c c  3. 

The c o w l i n g  was o r i g i n a l l y  e q ~ i . i ~ p e d  w i t h  o n l y  t w o  
cowl  flaps on  e i t h e r  s i d 3 .  These  f o u r  f l a p s  were  f Q u n d  
t o  h e  i n a d e q u a t e  f o r  c o o l i n g .  i n  c l i m b ;  a n d  t h r e e  f i x e d  
cowl  P l a y s ,  whose s e t ' c i n g  c o u l d  be chang3d on t3.e g r o u n d ,  
were  ad-dad t o  a n c h  s i d e  f ~ r  t h e  c l i m b  t e s t s .  The addeci 
cowl  f l a p s  arc s l i o w n  i n  t h e  c l o s e d  p o s i t i a n  i n  f i g u r z  3. 
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The a i r p l a n e ,  a s  p r e p a r e d  f o r  t h e  t e s t s ,  we ighed  6000 
pound.s w i t h  p i l o t  and  f'ul.1 % a n k s ,  The a i r p l a n e  vas 
e q u i p p e d  w i t h  a s t a n d a , r d  a e r i a l  b u t  h a d  no  p r o v i s i o n  f o r  
guns. 

T h e  i n e t a l l a t i o n  o f  th.e t e s t  equ ipmen t  i s  d e s c r i b e d  
i n  r e f e r e n c e  2,  

A f t e r  p r e l i m i n a r y  g r o u n d . - c o o l i n c  a n 4  f l f f ~ ; l z t  c h e c k s ,  
t h e  maximum speed.  was d e t c r m i n a d  by  malsin,3; l e v e l - f l i g h t  
r u n s  a t  full power  :st; a a d  above  t h e  e n g i n e  c r i t i c a l  a1.ti- 
t u d e ,  a s  8 . e s c r i b e d  i u  r c f d r e n c d  2, mho c o w l  s k i r t  was t h e n  
c u t  f o r  %!re i n a t a l l a , t i o n  o f  a d d i . t i o n a l  cowl f l a p s ,  and  c1.Imb 
t e s t s  we.rc mad2 w i t h  t h e  cowl f l a p s  f i x i ? ?  open. 

Tho f i r s t  of t h c s c  c l i r n b  t e s t s  was a s u s t ~ i n c d  c l i m b  
t o  20 ,000  f e e t  l L t  apj>rooiiAia,tt3l;i- 155-mi les -per -hou-r  i n d i c a t e d  
a i r s p e e d ,  an e n g i n e  s r e e d  o f  2 5 5 0  rpm, a n d  40 inch ,es  of mer- 
c u r y  m a n i f o l d  p r e s su re  t 3  full t h r o t t l e ,  w i t h  t h e  cu rkuure to r  
s e t t i a g  i n  P u t o m e t i c  r i c h ,  T h e  second. climb was t o  t h e  same 
a l t  i.t;i?de a t  1 4 0 - m i l e s - p e r - h o u r  i r r d i c a t e d  a i r s p e e d  a n d  a n  gn- 
g i n c  sp3cd. of  2 5 5 0  rpm i l l  f u l l  r i c h ,  The  m a n i f o l d  :pressure 
was k e p t  at 4-35 i n c h s s  o f  i1ie.rcux-y f o r  a l t i i t v d o a  5elo1-1. 7000 
f e e t  t h e n  a.t 41,- i n c h e s  o f  m e r c u r y  . to  f u l l  t h r o t t l e ,  A l l  
r e c o r d i n y  i n s t r u m c n t s  eitccj;t t h e  manornater ,  u s e d  t o  r e c o r d  
c o o l  i n g - a i r  p r o s s u r ; s ,  w d r e  lbf t 013. t h r o a g h o u t  e a c h  c l i m b ,  
The nlanomator w g s  l o f t  o i l  f o r  40 sccoads o f  a v ~ ~ y  m i n u t e  
d u r i n g  t h e  c l i m b .  

1 

A f t s r  t h e  c l i m b  L r ? s t , s ,  t t i t :  c o v l  flaps w e r o  f i x s d .  c l o s e d  
a n d  ;:,ddi.t i o n a l  h , igh-speed  runs.; v 2 r 3  mndo t o  d e t e r m i n o  t h e  
e f f e c t  o f  t h s  ad.dad cowl flaps o n  t h o  maximum s p a e d  of t h e  
a i r p l e n e .  

Mine o f  thc ,  f a u r t e o n  small. s o a l i n g  s t r i p s  botwaen and 
a t  t h c  b a s e s  o f  t h c  c371indl;rs :)rere t h c n  rcrnovcd, a n d  h igh-  
s p e e d  r u n e  w c r e  miJdd<? i n  o r d a r  t o  deterr i i in i :  thi? e f f e c t  o f  
th,: s e a l i n g  s t r i p ; ;  upon t h e  o b s e r v e d  c y l i n . d e r  L e m p e r a t u r e s  
and c o o l i n g - a i r  prBssGrSs. The o t h e r  f i v e  s e a l i n g ;  s t r i p s  
w e r e  n o t  removed because t h e y  v e r e  d i f f i c u l t  t o  r each  w i t h-  
o u t  remova.1 o f  much o f  t h e  exps r ime iL ta1  p r e s s u r e  t u b i n g ,  
i g n i t i o n  h a r p i e z s ,  m d  o t h e r  nppnra tus .  The s t r i p s  ren;a, i i l ing 
i n  plscl:: were b e t w e e n  c y l . i n d e r s  1 2  a n d  13, 14 and 1, 1 a n d  
2,  2 zli2 & ,  and 9 and LO. Each  s t r i p  was 2 s q u c r e  i n c h e s  
i n  a r e a .  

c 
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SYMBOLS 

9 C  a i r p l a n a  i m p a c t  p r e s s u r e ,  i n c h e s  of w a t e r  
9 
-iil Ap a v o r a g e  p r e s s u r e  d r o p  a c r o s s  e a g i n c ,  i n c h e s  o f  watsr 1. 
r-l 

(5 f r e e - a i r  d e n s i t y  r a t i o  

QJ volume f l o w  o f  f r a e  a i r ,  c u b i c  f e e t  p e r  m i n u t e  

17 p r o y u l s i v ~  e f f i c i ~ n c : ~  o f  propollas x ~ c l  e x h r u s t  s t a c k  
c o m b i n a t  i o n  

S wing  a r ea  

BE SULT 

T h e  d a t r !  o b t  T i n a d  tiiiring t h e  h i g h- s p c o d  r u n s  and d u r i n g  
t h o  c l i m b s  a r e  p r o s a n t r > d  i n  t:..blds 1 and II. The i I i i p o r t i m t  
c l i m b- t o s t  d:l,tc ars shown.  i n  f3.g;urc 6 i n  t h o  f o r m  o f  ' t i m e  
h i s t o r i c s  of t k i r 3  c l i m b s .  

PIaximum Speed 

The  slues o f  Eaximurn s p e e d  o ' b t a i n e d  f r o m  l e v e l  r uns  
a t  f u l l  t h r o t t l e  xiear a n d  a b o v e  t h e  e i lg ine  c r i t i c a l  a l t i -  
t u d e  a r e  p l o t t e d  a . z a i n s t  d e n s i t y  a l t i t u d e  i n  f i g u r e  7, 
I n  t h e  same f i g u r e  a r e  p l o t t e d  t h e  obkerved b r a k e  h o r s e-  
power aiid t w o  p a r a m e t e r s  r e p r e s e n t a t i v e  o f  t h e  a e r o d y n a m i c  
rcfi izelneil t  arLd o f  t h e  y f f e c t i v e  p o v e r ,  r e s p e c t i v e l y ,  as 
explaiiritld iii r e f s r e n c e ;  1 and. 2 .  These  d.ata are p r o s e n t e d  
b o t h  f o r  t h e  a i r p l a n e  w i t h  t h e  o r i g i n a l  cowl  f l a p s  ( t e s t  4 )  
and  lv i t h  t l ic  m o d i l i e d  cowl f l a p s  ( t e s t s  6 n r d  7 ) .  

The s e r i e s  o f  s p ~ e d  d e l e r m i 7 l a t i o n s  w i t h  t h e  o r i g i n a l  
c o w l  f l a p s  gave  rnuoh m o r o  c n n s i s t e n t  r e s u l t s  than were  ob- 
t a i n e d -  w i t h  t h e  m o d i f i o d  c o w l  f l a p s ,  
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- I-------.- . --- 
O b s a r v o d  naximiim 

I n s t a l l a t  i o n  syeocl. 

! W h )  

XF-42 ~ 1 1 o r t - n  o s e 
l o w - i n l e t - v e l o c i t y  
w i t h  fan ( t e s t  4 )  330 

( t t s t  3)  

( t s s t  1) 

XP-42 s h o r t - n o s 3  

I 3 3 6  I 
I 

b i gh- i n 1  e L-  v 3 I o  c i t  y 

338 
XP-43 l o l i g - n o s G  

The  o b s e r v e d  d i f f a r a n c e  111  s p e e d  f o r  t h e  t w o  i n s t a l l a -  
t i o n s  was 3 m i l e s  2 e r  h o u r ,  o s  1 p e r c e n t  o f  t h e  s p s e d .  .Bs 
may be s e e n  f r o m  f i g u r e  7 ,  t h i s  spned l o s e  i s  t h e  r c s u . l t  o f  
a l o s s  i n  b o t h  pove r  and  aerodynamle c l e a n n e s s .  The values 

-- 
Haximux s p o e d  a t  

1000 hp a t  
14 ,500  f t  

( lnPh) 

337 

339 

344  

of t h e  p a r a m e t e r  show a l o s s  o f  a p l 2 r o x i n a t e l y  

1/;3 p e r c e n t  o r  i mils p e r  ~ Q U Y ,  due t o  power ar,d t h o  v a l u e s  

o f  t h e  p a r a m e t e r  5 2 , 7 3  show a l o s s  of 2 / 3  p e r c e n t ,  

o r  2 miles p e r  h o u r ,  diie t o  i n c r e a r e d  drag.  

T h o  spesci c o x p a r i s o n s  o f  r e f e r e n c e s  1 a n d  2 are ex- 
t;:nd-ed i n  f i g n r o  8 t o  incl.udt.;. t I i 2  o b s a r v t l d  rnanilrium s p z e d  
v a l u e s  for t n e  p r e s e n t  i n s t a l l a t i o n  w i t h  t h e  o r i g i n a l  c o v l  
f l a p s .  The v a l u a s  s h o w G  f o r  t h e  g r e v i o n s  X2-42 i ; i . s t a l l - a -  
t i o n s  ( t e s t s  1 andb 8 )  v e r e  ci:osen R S  b e i n g  m o s t  n e a r l y  r e p-  
r e s e n t a t i v e  o f  % n e  % o s 5  p e r f o r m a n c e  o f  o8,ch i n s t a l l a t i o n ,  

P' 

c 
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d i d  n o t  i i l c l u d e  t h e  % l a d e  angls v.sed i n  t h c  p r e s e n t  f a n ,  
e x t r a p o l a t i o n s  from t h o s e  t e s t s  i n d i c z t e  t h a t  t h e  fan 
a b s o r b e d  a p p r o x i m a t e l y  20 h o r s e p o w o r  i n  h i g h- s p e e d  l s v e l  
f l i g h t ,  o r  t h e  power e q u i v a l e n t  of 2 m i l e s  p e r  h o u r  i n  t o p  

M spced .  
-3' 
N 

I 
t-7 

P r e s s u r e s  and T e m p e r a t u r e s  

The d i s t r i b u t i o n s  o f  e n g i n e  c o o l i n g - a i r  p r e s s u r e s  f a r  
t e 3 t s  4 ,  5 ,  and  7 ZTF?  showr: i n  f i g u r e  9 .  

F o r  t h e  h i g h- s p e e d  c o n d i t i o n ,  t h e  c o o l i n g - n i r  p r e s -  
s ~ r e ~  OXL t h e  f r o x t  of t h a  e n g i n e  are v e r y  n e a r l y  u n i f o r m ,  
b o t h  a s  t o  v a r i a t i o n  of p r e s s u r e s  arouizd t i l e  e n g i n e  a n d  
as  t o  v a r f a t i o r a  o f  p r e s s ' a r c s  w i t h  t h e  l o c a t i o n  of t h e  p o i n t  
o f  msasu ramen t  o i l  t h e  i n d i v i d u a l .  c y l i n d e r ,  The p r e s s -a r e s  
n o t s d  on t h e  e x h a u s t  side o f  t h e  b a r r e l  o f  c y l i n d e r  3 may 
be expec ted .  t o  bo  lo:;. becs .use  t b z  p o i n t s  o f  r n ~ a s u r o m c n t  l a y  
i n  t f l c  leiakc o f  n l a r g e  i g a i t i o n - c a b l e  coi1duj.t and n e x t  t o  
a h o l a  i n  t h e  b a f f l i n g ,  The v a r i a t i o n  o f  p r e s s u r e s  a t  
different ? o i n % s  on a g i v e n  c y l i n d e r  may bz e q e c t e d  t o  bo 
sm:i l ier  W' l th  t h i s  c o w l i n g  than t i i t h  t h c  c o w l i n g s  p r e v i o u s l y  
t c j s t d d  b e c a u s e  0 2  th:: r e l a t i v a l y  l o w  v e l o c i t g  o f  t h c  e n t c r -  
i n g  c o o l i n g - a i r  j o t  

I n  t h e  ciir,i'ns a t  i55-  a n d  at 1 4 0- m i l e s- p e r- h o u r  inc? i -  
c a t e d  a i r s p e e d ,  t h e  v a r i a t i o n  o f  c o o l i n g - 3 i r  p r e s s u r e s  on 
b o t h  t h e  i ' r o n t  and t h e  r e a r  o f  t h e  eri'yine w r i s  somewhat 
g r e a t e r  t h a n  i n  t h e  Iziph-speed c o n d i t i o n ;  a n d ,  as t h e  a n g l e  
o f  a z t a c k  i n c r e a s e d ,  t b r e  "as a n  i n c r e a s e  i n  b o t h  f r o n t  
and r e 8 r  p r e s s u r e s  a t  t h e  bo t tom o f  t h e  e n g i n e  a s  coinpared 
w i t h  ; j ressv . res  o b s e r v e d  n a z r  t h e  t o p  o f  t h e  en?;ine, I t  i s  
t o  be  n o t o d  t h z i t ,  as t h e  power d r o p p o d  o f f  a t  a l t i t u d e s  
a b o v e  c r i t i c a l  i n  c l i , n b ,  ave rag i :  f r o n t  pr2ssures d-ec reascd  
rand a v e r a g e  rear  p r e s s u r e s  Inz r s : l - sad .  

The d i s t r i b u t i o n  o f  c:rlinsJoi* h s ~ d  a n d  b a r r e l  t empera-  
t u r e s  i s  s;iown i n  f i q . i r a  10 t o  S u  vcry n e a r l y  t h e  same c ? t  

f u l l  t1 i ro ' ; t I e  5 0 t h  i;i h i g h  speed, r n d  ii? c l i m b  whcn t h c  
c ~ . r 3 u r ~ t o r - ~ ~ i x t u r e  c o ~ t r o l  i s  iii 9,utomnt i c  r i c h ,  F i g u r e  11 
i E d i c e t e s  t h a t  t h i s  d . i s t r i b n t i o n  p a t t e r n  rc rna ins  c . o n s t n n t  ;t 
ell a l t i t u d e s  i a  t h a t  c a r b u r a t 3 r  s e t t i n g .  Compar ison  o f  
f i g u r r :  1 2  w i t h  f i g u r o  11, howsv t>r ,  s h o w s  t h a t ,  ~ ~ l t h o u g h  t h e  
t e m p e r a t u r e  d i s t r i b u t i o n  i n  f u l l  rich i s  s imilar  a t  L O W  
a l t i t u d e s  t o  t \ a t  ii1 autornr:t ic r i c h ,  i t  becomes na rked - ly  
d i f f e r e n t  a t  h i g h  a l t i t u d e s  as t h e  f u e l - a i r  r a t i o  i n c r e a s e s .  
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T h i s  change  i n  t e m p e r a t u r e  c l i s t s i b u t  i o n  t a k e s  p l a c e  w i t h  
n o  c h a n g e  i n  c o o l i n g - a i r  p r e s s u r e  d i s t r i b u t i o n  d u r i n g  t h e  
c l i m b .  ( S e e  f i g ,  9,) 

I n  g e n u r a l  t h e r e  i s  110 a p p a r e n t  c o r r s l a %  i o i l  bet::reen 
i n d i v i d u a l  c y l i n d e r  t e m p e r a t u r e s  and t h e  pressure d r o p s  
czcross t h o s e  c g l i n d e r s .  The e f f o c t s  of t h e  s m a l l  o b s o r v e d  
v n r i a . L i c n s  i n  c o o l  i n g - a i r  p r e s s u r e  a.rd obsc ' i i r3d by v a r i n -  
t i o n s  i n  o 'chsr  f a c t o r s ,  s u c h  as mixturc?  d i s t r i b u t i o n ,  c k a r g c  
w e i g h t ,  c g l 9 n d r ; r  c o n s t r u c t i o n ,  and baffling, ThG r e s u l t s  
d i s c u s s e d  i r l  t h e  preced. i izS paragr:Aph i n d i c a t e  t h a t ,  f o r  v e r y  
rich n i y t u r e s  t h e  f u e l .  d i s t r i b u t > f o n  i s  t h e  p r e d o m i n e t i n g  
f a c t o r  i n  d e t e r m i n i n g  t b e  t em2:erature d i s t r i b u t i o n .  

The c y l . i n d e r  ba:FE1Ps p2ovided.  w i t h  t h i s  cDgine d i f f e r  
f rom t1j.e b a f f l e s  o r d , i n a r i l y  n s e 3  i n  t h a t  t h e y  f i t  c l o s e r  
t o  t h e  f i n s  a n d  i n c l u d e  smd.1.1 s e a l i n g  s t r i p s  be tween  ad- 
j a c e n t  c y l i n d e r  b a r r e l s  f rom t h e  b o t t o m  b a r r e l  f i n  t o  t h e  
: a o u n t i n g  f l m g e .  I n  t ' i i c  t c s t  a3d. i n  p re -v ious  t e s t s  w i t h  
t h e  S ( I ~ M C  b a f f l i i i g  ( r e f c r c n c e s  1 a n d  2)  cy l id . ee r -Ccad  .tom- 
p i r a t u s c s  were w o l l .  b a l o w  t h e i r  s p e c i f i e d  hrmy l i n i t  but 
c y l i n d e r - b a r r e l  teaperaturcs s x s e o d z l  t h e i r  limit i n  $he  
h i g h- s p e e d  l e v e l - f l i s h t  c o n d i t i o n  a n d  wore nizrgimal  i a  t h e  
c l i m b  c o n d i t l  on .  

I t  was thou,y?; t  t h a t  a xoro iiezt,rly :;taildi%rd ' b a f f l i n g  
a r r a n g c n i c n t ,  p o i - x i t t i n g  a f l o w  0 3  c o o %  a i r  a r o u n d  t h s  un- 
finned p o r t i o n  o f  t h c  'br"rre1 a n d  o n  ti?:? t h e r m o c o u p l e ,  migh t  
r s s u l t  i n  lowsr $smpcr3 , tu ru  i n d i c a t i o n s  on t h e  b a r r e l s ,  
T l i o s o  b a f f l e  s z a l s  which  c o t i l d  b s  roached oczsily were t h e r e -  
f o r e  removed f o r  a s e r i e s  of h i g h- s p e e d  r n n s  ( t e s t  7 ) .  F i g-  
u r e  13  shows a c o m p a r i s o n  o f  t h e  n e a d  arid b a r r e l  t e m p e r a-  
t u r e s  o b s e r v e d  d u r i n g  bhese  runs w i t h  t e m p e r s t u r e s  o b s e r v e d  
w h i l e  t h e  b a f f l e  s e a l s  were i n  p l a c e .  T h e r e  was n o  c h a n g e  
i n  a v e r a g e  0% i n  maxiinurn c y l i n d e r - h e a d  t e m p s r a t u r e a ,  bu t  
t h e  maximum b a r r e l  t e m p e r a t u r e  was r educed  by 1 5 O  F t o  20' 3' 
and ave-rage b a r r e l  t e m p e r a t u r e s  were  r e d u c e d  by 10' F. F i g -  
UTE! 9 a n d  t a 5 l e  I show that t h e  c o o l i n z - a i r  pressures on t h e  
f r o n t  o f  t h o  a n g i n a  d l d  n o t  change.  211s rsar  p r a s s u r e s ,  
however ,  i n c r e s s z d  by n p p r o x i n a t e l y  O.O1qc, p r e s u m a b l y  be- 
c a u s e  of  t h 3  i n c r e a s o d  a i r  flow v h s r e  t h e  b a f f l e  s e a l s  wera 
rsmovcd,  

The rGmaval o f  t h c  b a f f l e - s G n l  s t r i p s  b r o u g h t  a l l  ob- 
s e r v e d  b a r r e l  t a m p o r a . t u r e s  b e l o w  t h e  Army l i m i t ,  ( s a c  f i g .  

b a r r e l f s  o r  of t b a  t h e r i n o c o u p l c ? ~  i s  n o t  e s t a b l i s h e d ,  b u t  t h e  
. 13.) V!hethcr t h i s  procedure r e s u l t e d  i n  8 c o o l i n g  of t h e  

* 
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a p p a r e n t  r e d u c t i o n  o f  t e m p e r a t a r e s  s o  a c h i e v e d  would  have  
b e e n  s u f f i c i e n t  t o  r e d u c e  b a r r e l - t e m p e r a t u r e  i n d i c a t i o n s  
be low t h e  Army l i m i t  f o r  t h i s  and  a l l  p r e v i o u s  c o w l i n g  
a r r a n g e m e n t s  i n  all c l i m b  a n d  l a v e l - f l i g h t  t e s t s .  Aver-  
a g e  a n d  maximum c y l i n d e r  t e o p e r a t u r e s  d u r i n g  c l i m b  h a v e  

I b e e n  p l o t t e d  i n  t h e  t i m e  h i s t o r i e s  o f  f i g u r e  6, I n  o r d e r  
4 t o  f a c i l i t a t e  c o m p a r i s o n  of  t h e s e  t 9 m p e r a t u r e s  w i t h  t h e i r  

s p e c i f i e d  Army l i m i t s ,  t h a s c  t e n p c r a t u r e s  have  been r o -  
p l o t t e d  i n  f i g u r e  14 i n  '3 above f r e e - a i r  t c m p G r a t u r e .  
C y l i n d e r- h e a d  t e m p e r a t u r e s  were  w e l l  be low t h e i r  l i m i t  
but  maximum c y l i n d e r - b a r r e l  tcmpe r a t u r e s  were  m a r g i n a l ,  
The s h a p e  o f  t h e  c y l i n d e r - h e a d  maximum-teml3erature c u r v e  
f o r  t h e  f u l l - r i c h  c l i m b  w a s  c a u s e d  by a change  of t h c  maxi-  
mum t e m p a r a t u r a  f rom c y l i n d e r  13 t o  c y l i i i d e r  9. 

I n  t h e  ? r e s e n t  i n s t a l l a t i o n ,  t h e  amount of  c o o l i n g-  
a i r  f l o w  through.  t h e -  e n g i n e  could, n o t  b e  c a l c u l a t e d  f r o m  
t h e  p r e s s u r e s  o b s e r v e d  a t  t h e  s u r v s y  r a k e s  i n  t h e  a n n u l u s  
b e c a u s e  o f  t h e  t w i s t  i m p a r t e d  L o  t h o  a i r  by t h e  f a n ,  Ex- 
cc3pZ; f o r  t h e  c a s e  v h e r e  t h e  b a f f l e  s o a l s  a r e  removed,  t h e  
a i r  f l o w  c a n ,  h o w e v e r ,  be  ca1culat i .d  o n  t h e  assum;2tion tha t  
t h c  o r i f i c e  c o s f f i c i a n t ,  b a s e d  on z v s r a g e  f r s o n t  a n d  r e a r  
p r c s s u r c s  f o r  t h o  p r c s o n t  i n s t a l l a t i o n ,  i s  t h e  same as  t h a t  
o f  t hi? s h o r t -n o s ct b i gh- i n  1 e t -v c 1 o c i t y c o '61 1 i n  g i n s t a 11 a t  i on 
( r e f e r e n c e  2 ) .  F o r  t h a t  i n s t a l l a t i o n ,  t h e  a i r  f l o w  c o u l d  
be c a l c u l a t e d  f rom t h e  e q u a t i o n  

where  

Q volume flow o f  f r e e  a i r ,  c u b i c  f e e t  p e r  m i n u t e  

Ap a v e r a g e  p r e s s u r e  d r o p  a c r o s s  e c g i n e ,  i n c h e s  o f  w a t e r  

a i r p l a n e  i m p a c t  pyossure, i n c h e s  o f  watctr qc 

0 . f r c e - a i r  d e n s i t y  r a t i o  

Or, t h e  b a s i s  of  t h s  p r e c s i i i n g  e q u a t i o n ,  t h e  c o o l i n g-  
a i r  f l o w  t h r o u g h  t h e  sxigine i n  h igh-spGsd l e v e l  f l i g h t  w i t h  
b o t h  t h c  o r i g i n a l  a n d  t h e  r n o d i f i e d  cowl  f l a p s  was a p p r o x i-  
m a t e l y  21,100 c u b i c  f e e t  o f  f r e e  a i r  p e r  m i n u t e  i n  t h e  
r a n g e  o f  a l t i t u d e s  t e s t e d .  The i n l e t y * v e l o c i t y  r a t i o  was 
t h e n  a p p r o x i m a t e l y  0.33, 
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c oxc LU s I ON s 

1. The maximum s p e e d  o f  t h e  XP-42 a i r p l a n e  o b t a i n e d  
w i t h  t h e  s h o r t - n o s e  l o w - i n l e t - v e l o c i t y  c o w l i n g ,  t h e  a x i a l -  
f l o w  f a n ,  and p r o p e l l e r  c u f f s  was a b o u t  2 m i l e s  p e r  h o u r  
less t h a n  t h a t  o b t a i n e d  w i t h  t h e  s h o r t - n o s e  h i g h - i n l e t -  
v e l o c i t y  c o w l i n g ,  and a b o u t  7 m i l e s  p e r  h o u r  l e s s  t h a n  
t h a t  o b t a i n e d  w i t h  t h e  l o n g- n o s e  h i g h - i n l e t - v e l o c i t y  c o v l-  
i n g  a t  t h e  same power and a . l t i t u d e .  

2. C o o l i n g - a i r  p r e s s u r e  r e c o v e r i e s  on t h e  f r o n t  o f  
t h e  e n g i n e  were  87 p e r c e n t  o f  a i r p l a n e  i m p a c t  p r s s s u r e  i n  
t h e  h i g h- s p e e d  c o n d i t i o n ,  99 p e r c e n t  i n  t h e  f u l l - p o w e r  c l i m b  
a t  1 5 5 - ~ 1 i l e s - p e r - h o u r  i n d . i c a t e d  a i r s p e e d ,  and  1 0 5- p e r c e n t  i n  
t h e  f u l l - p o w e r  c l i m b  a t  1 4 0- m i l e s- p e r- h o u r  i a d - i c a t e d  a i s s p e e d .  

3. C y l i n d e r- h e a d  t e i E 3 e r a t u r c s  were  s a t i s f a c t o r y  i n  a l l  
c o n d i t i o n s ,  b u t  maximum c y l i n d e r - b a s a  t e m p e r a t u r e s  e x c e e d e d  
t h e  Army liniit i n  % h e  h i g h- s p e e d  c o n d i t i o n  and were  m a r g i n a l  
i n  c l i m b .  A mor3 n e a r l y  s t a n d a r d  b a f f l a  a r r a n g e m e n t ,  o b t a i n e d  
by r emoving  t h a  s a a l i n ~  s t r i p s  f r o m  t h e  b o t t o m  of t h e  c y l i n -  
d e r s ,  r e d u c e d  t i i a  c y l i n d e r - b a s e  t e m p e r x t u r a  i n d i c a t i o n s  bclovr 
t h e  Army l i m i t ,  

z 

L a n g l e y  Memoria l  A e r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  A d v i s o r y  Committee f o r  A e r o n a u t i c s ,  

L a n g l e y  F i e l d ,  Va. 

1. 

2 .  

3. 

B a i l e y ,  F, J., Jr., J o h n s t o n ,  J. F o r d ,  and Voglewede,  
T. J,: F l i g h t  I n v e s t i g a t i o n  o f  t h e  P e r f o r m a n c e  and 
C o c l i n g  C h a r a c t e r i s t i c s  of a Long-Nose B i g h - I c l e t -  
V e l o c i t y  C o ~ l i n g  O E  t h e  XP-42 A i r 2 l a n e .  N A C d  A .R .B . ,  
A p r i l  1942. 

B a i l e y ,  F. J., Jr,, and J o h n s t o n ,  J. Yord :  F l i g h t  In- 
v e s t i g a t i o n  of WACA D ~ . C o w l i n ~ s  on t h a  XP-42 A i r p l a n e ,  
I - H i g h- I n l e t - V e l o c i t y  Cowling  w i t h  P r o p e l l e r  C u f f s  - 
T e s t e d  i n  High-speed  L e v e l  P l i g h t .  3 A C B  A . I I . B , #  J a n .  
1943. 

B e l l ,  E ,  3 z r t o n :  T e s t  o f  a S i n g l e - S t a g e  Axia l- F low Fan,  
Rep. :To. 729 ,  W A C d ,  1942.  
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Figure 2.- Front view of 
cowling and f 

42 airplane w i t h  short-nole low-inlet veloci ty  
t e s t  condit ion 6). 

I 

F5gure 3.- Three-quarter f r o n t  view in t e s t  condit ion 6. 



Figs. 4,5 

Figure 4.- Three-quarter rear view .n test condition 6. 

Figure 5.- Close-up of cowling and fan (test condition 6). 
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Figure /Q- Cotnpar/son of  cylmder fern erfure d,s+ribufion 

auforwtic rich (Test + and $). f o r  climb and ht h speeBof f u l l  power in 
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f iqure 13.- Cylinder temperafures wdh and without ba-ffle 
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